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PDGH VDERWDJH DQG WHUURU H[WUHPH HYHQWV DUH FKDUDFWHUL]HG E\ DQ XQFHUWDLQW\ LQ WKH RFFXUUHQFH WLPH DQG WKH
PDJQLWXGH RI WKH HYHQW 1DWXUDO H[WUHPH HYHQWV LQFOXGH H[WUHPH FOLPDWH HYHQWV VXFK DV +XUULFDQHV )ORRGV
7RUQDGRVDQG'URXJKWVDQGVHLVPLFH[WUHPHHYHQWVVXFKDVHDUWKTXDNHVDQGWVXQDPLV0DQPDGHH[WUHPHHYHQWV
LQFOXGH LQWHQWLRQDO VDERWDJH E\ H[SORVLRQV VWHHS SDWK UDFNHW VKRRWLQJ SODQH FUDVK DQG F\EHU WHUURU 7KLV SDSHU
SUHVHQWVDQH[DPLQDWLRQRI&,VSUHSDUHGQHVV WKURXJKUHYLHZRIHLJKWH[WUHPHHYHQWV2NODKRPDERPELQJ
WKH ,]PLW HDUWKTXDNH  WKH:RUOG 7UDGH &HQWHU DWWDFN  ,QGLDQ2FHDQ WVXQDPL  WKH KXUULFDQH




RFFXUUHQFH RI H[WUHPH HYHQW QDWXUDO DQG PDQPDGH 'LIIHUHQW VFHQDULRV RI QDWXUDO H[WUHPH HYHQWV LH
HDUWKTXDNHVWVXQDPLVDQGKXUULFDQHVWHUURUDFWLYLWLHVLHH[SORVLRQVDQGSODQHFUDVKDQGWKHLUFRQVHTXHQFHVDUH
DQDO\]HG DQG WKH SUHSDUHGQHVV RI &,V WR H[WUHPH HYHQWV DUH H[DPLQHG DV D FRPSRVLWH RI WKUHH EDVLF DOWHUQDWLYH
VWUDWHJLHV 5HGXQGDQF\ 5REXVWQHVVDQG5HVLOLHQFH>@(YHQWXDOO\DOWHUQDWLYHFRXUVHVRIDFWLRQVDUH
VXJJHVWHG WR LPSOHPHQW WKRVH VWUDWHJLHV WR HIIHFWLYHO\ LPSURYH WKH SUHSDUHGQHVV DQG UHGXFH WKH ULVN WKDW&,V DUH
H[SRVHGWRLQWKHFDVHRIDQH[WUHPHHYHQW
5HYLHZRIH[WUHPHHYHQWV
,Q RUGHU WR FRPSUHKHQG WKHSUHSDUHGQHVV OHYHO RI&ULWLFDO ,QIUDVWUXFWXUHV HLJKW H[WUHPH HYHQWVZHUH UHYLHZHG
WKURXJK DQ H[DPLQDWLRQ RI WKH FRQWHPSRUDU\ SUHSDUHGQHVV RI &,V WR H[WUHPH HYHQWV DQG LGHQWLILFDWLRQ RI URRW
SDWWHUQVZKLFKPD\ OHG WR WKH VHYHUHFRQVHTXHQFHVRI WKHH[WUHPHHYHQWV7DEOHVXPPDUL]HV WKHHLJKWH[WUHPH
HYHQWVUHYLHZHGLQWKLVVWXG\7KHLUUHWXUQSHULRGDQGWKHLUDQQXDOORVVDUHVKRZQDWWKHHLJKWKDQGQLQWKFROXPQV
H[SUHVVLQJWKHULVNWKDW&,VZHUHH[SRVHGWR
3.1. Oklahoma City Bombing (1995) 
7KH 2NODKRPD &LW\ WHUURULVW ERPE DWWDFN LQFOXGHG D WUXFN ERPE HTXLYDOHQW WR NJ RI 717 WKDW






DWWDFN DQG UREXVWQHVV RI WKH VXUURXQG EXLOGLQJV¶ JODVV FRXOG UHGXFH VLJQLILFDQWO\ WKH DPRXQW DQG WKH VHYHULW\ RI
LQMXULHV
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DIWHU WKH HDUWKTXDNH PDLQ KLJKZD\ EULGJHV FROODSVHG DQG WKH ZDWHU GLVWULEXWLRQ V\VWHP ZDV LQWHUUXSWHG 6LQFH
LQFOXGLQJWKH,]PLWHDUWKTXDNHHOHYHQHDUWKTXDNHVZLWKPDJQLWXGHVHTXDORUJUHDWHUWKDQKDYHWDNHQSODFH
DORQJ WKH1RUWK$QDWROLDQ IDXOW > @ DQG VHYHUDO IRUHFDVWVSUHGLFWHGKLJKSUREDELOLW\RIRFFXUUHQFHVRI VWURQJ
HDUWKTXDNHLQWKHDUHD>@7KHKLJKSUREDELOLWLHVRIVWURQJHDUWKTXDNHLQWKHDUHDFRPELQHGZLWKKLJKGHQVLW\
SRSXODWLRQSRRUFRQVWUXFWLRQ DQGGHYDVWDWLQJFRQVHTXHQFHVDVD UHVXOWRI VXFKHYHQWSURGXFHDQH[WUHPHO\KLJK
ULVN7KHHDUWKTXDNH
VUHVXOWVUHYHDOHGXQVDIHHQJLQHHULQJDQGSRRUFRQVWUXFWLRQGHVSLWHWKHKLJKYXOQHUDELOLW\
3.3. September 11 (2001) 
2YHUSHRSOHVXIIHUHGGLUHFWO\IURPWKHVXLFLGHWHUURULVWDWWDFNVDWWKH:RUOG7UDGH&HQWHUDQGRQ)OLJKWV


















SURSHU HYHQWPDQDJHPHQW FRXOG VLJQLILFDQWO\ UHGXFH WKH ORVV DQG UHGXFH DOPRVW HQWLUHO\ WKH DPRXQW RI IDWDOLWLHV
>@0RVWRIWKH&,VDQGWKHEXLOGLQJVRQVKRUHZHUHGHVWUR\HGEHFDXVHRIODFNRIUREXVWQHVVWRWVXQDPLVWKHUHIRUH
&,VEXLOWRQVKRUHVVKRXOGEHGHVLJQHGZLWKDFRQVLGHUDWLRQRIWVXQDPLFRQVHTXHQFHV
3.5. Hurricane Katrina (2005) 
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7DEOH([WUHPHHYHQWVVXPPDU\
Extreme event Year Type Affected areas 
Estimated
damage and 
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PDGH /RQGRQ(QJODQG   
 
+DLWL
HDUWKTXDNH  1DWXUDO 3RUWDX3ULQFH+DLWL   
! 
)XNXVKLPD
'DLLFKL  1DWXUDO )XNXVKLPD'DLLFKL-DSDQ   
 
3.6. London July 7th (2005) 
7KH-XO\WKERPELQJZHUHDVHULHVRIIRXUVXLFLGDOWHUURUDWWDFNVRQWKHSXEOLFWUDQVSRUWDWLRQLQIUDVWUXFWXUHVOLQHV
RI/RQGRQ7KHDWWDFNRFFXUUHGGXULQJWKHPRUQLQJUXVKKRXURI-XO\WK)LIW\VL[SHRSOHZHUHNLOOHGLQWKH




3.7. Haiti Earthquake (2010) 
2Q-DQXDU\DWORFDOWLPHDQHDUWKTXDNHZLWK0DJQLWXGHRIRFFXUUHGLQ+DLWLZLWKDQHSLFHQWHU
DSSUR[LPDWHO\ NPZHVWHUQ RI 3RUWDX3ULQFH >@ IROORZHG E\ DW OHDVW  DIWHUVKRFNV ZLWK PDJQLWXGH  RU
JUHDWHU LQ D UDQJH RI NP IURP WKH HSLFHQWHU $SSUR[LPDWHO\  SHRSOH ZHUH NLOOHG >@ RYHU
 SHRSOH ZHUH LQMXUHG DQG WKRXVDQGV RI SHRSOH ZHUH LQ QHHG RI SV\FKRORJLFDO VXSSRUW RU SV\FKRVRFLDO
VXSHUYLVLRQ$V D UHVXOW RI WKH HDUWKTXDNH WKHUHZHUHPDVVLYH LQIUDVWUXFWXUH GHVWUXFWLRQ LQFOXGLQJ GHVWUXFWLRQ RI
WUDQVSRUWDWLRQ PHGLFDO JRYHUQPHQWV HGXFDWLRQDO LQIUDVWUXFWXUHV DQG PRUH >@ $SSUR[LPDWHO\  KRPHV
KDYH EHHQ FRPSOHWHO\ GHVWUR\HG DQG PRUH WKDQ  ZHUH GDPDJHG >@ 2YHU  HGXFDWLRQDO
HVWDEOLVKPHQWV DQGPRUH WKDQ  KRVSLWDOV DQGPHGLFDO FHQWHUV KDYH FROODSVHG RU EHFDPH XQXVDEOH 3DUW RI WKH
FRXQWU\¶VPDLQSRUWZDVGDPDJHGDQGZDVQRWRSHUDWLRQDO7KHFRPELQDWLRQRIKLJKGHQVLW\SRSXODWLRQDQGSRRU
FRQVWUXFWLRQZLWKRXWVHLVPLFUHVLVWDQFH>@PDGH+DLWLKLJKO\YXOQHUDEOHWRVHLVPLFHYHQWV
3.8. Fukushima Daiichi Nuclear Disaster (2010) 
$VDUHVXOWRIDPDJQLWXGHHDUWKTXDNHWKDWVWUXFNLQ-DSDQDVHULHVRIVHYHQWVXQDPLZDYHKLWWKH)XNXVKLPD
'DL,FKL 1XFOHDU 3RZHU 3ODQW 133 ZLWK D PD[LPXP KLWWLQJ ZDYH KHLJKW HVWLPDWHG WR EH  PHWHUV ZKLFK
H[FHHGHGWKHGHVLJQEDVLVRIWKHWVXQDPLEUHDNZDWHUZDOOVDQGZDVDERYHWKHVLWHJUDGH>@$VDUHVXOWRI
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WKH HDUWKTXDNH DQG WKH IROORZLQJ WVXQDPL VHULHV DW OHDVW  SHRSOH ZHUH NLOOHG RU PLVVLQJ RYHU 
UHVLGHQWLDO EXLOGLQJV ZHUH GDPDJHG RU GHVWUR\HG  URDGV  EULGJHV DQG RYHU  UDLOZD\V GHVWUR\HG RU
GDPDJHG E\ WKH HDUWKTXDNH DQG WKH IROORZLQJ WVXQDPLV >@ &,V VXFK DV JDV DQG ZDWHU VXSSOLHV
WHOHFRPPXQLFDWLRQVDQGUDLOZD\VHUYLFHZHUHDOVRVHYHUHO\GLVUXSWHG'HVSLWH WKHKLVWRU\RI-DSDQZKLFKLQFOXGH



































&,V +HQFH WKHUH DUH GLVFUHSDQFLHV EHWZHHQ WKH FRQVWDQW DQQXDOO\ LQFUHDVLQJ ULVN DQG EHWZHHQ WKH DFWXDO
SUHSDUHGQHVVLPSOHPHQWDWLRQRIFULWLFDOLQIUDVWUXFWXUHWRH[WUHPHHYHQWV$VZHOOPRUHDQGPRUHGLIIHUHQW&,VDUH




WKH GHVLJQ RI &,V ZDV REVHUYHG 'HVLJQ RI WKH FULWLFDO LQIUDVWUXFWXUH VKRXOG EH GLVWLQJXLVKHG GXH WR WKH
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LQWHUQDOL]DWLRQRIWKH&,VFUXFLDOO\LQFDVHH[WUHPHHYHQWV3DUWLFXODUO\VLQFHWKHLQVXIILFLHQWSUHSDUHGQHVVRIFULWLFDO
LQIUDVWUXFWXUHVDPSOLILHG WKHFRQVHTXHQFHVRI WKHH[WUHPHHYHQWV FRQVLGHULQJ WKHSUREDELOLW\RIRFFXUUHQFHRI WKH




LQFOXGLQJ ORFDWLRQ DQG IXQFWLRQDO VFHQDULR 7KHUHIRUH VWDQGDUGV DQG UHJXODWLRQV VKRXOG WDNH LQWR DFFRXQW WKH
LQFUHDVLQJ ULVNSRUWIROLRRYHU WKH\HDUV DQGEHPRUH VWULQJHQWZLWK UHJDUG WRFULWLFDO LQIUDVWUXFWXUHVSUHSDUHGQHVV
)XUWKHUPRUHWKHGHVLJQVWDJHRIFULWLFDOLQIUDVWUXFWXUHVKRXOGLQFOXGHDFRPSUHKHQVLYHVFHQDULRDQDO\VLVLQRUGHUWR
GLVFRYHUDOOSRWHQWLDOHYHQWVDQGYXOQHUDELOLWLHVDQGSURSRVHDGHVLJQWKDWSURYLGHVVWDELOLW\WRWKRVHVFHQDULRV7KH
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UHJLRQIROORZLQJWKHDXJXVWL]PLWHDUWKTXDNH1DWXUHGRL
>@,1326SHFLDOUHSRUWRQWKHQXFOHDUDFFLGHQWDWWKHIXNXVKLPDGDLLFKLQXFOHDUSRZHUVWDWLRQ1R,132,QVWLWXWHRI1XFOHDU
3RZHU2SHUDWLRQV
>@,QWHUQDWLRQDO$WRPRF(QHUJ\$JHQF\,QWHUQDWLRQDOIDFWILQGLQJH[SHUWPLVVLRQRIWKHIXNXVKLPDGDLLFKL133DFFLGHQWIROORZLQJWKH
JUHDWHDVWMDSDQHDUWKTXDNHDQGWVXQDPL,QWHUQDWLRQDO$WRPRF(QHUJ\$JHQF\,$($
>@/LX+6KLPR]RQR77DNDJDZD72ND\DVX$)ULW]+06DWR6	7DMLPD<7KHPDUFKWRKRNXWVXQDPLVXUYH\
LQULNX]HQWDNDWDDQGFRPSDULVRQZLWKKLVWRULFDOHYHQWV3XUHDQG$SSOLHG*HRSK\VLFV
>@/RQGRQ&KDPEHURI&RPPHUFHDQG,QGXVWU\7KHHFRQRPLFHIIHFWVRIWHUURULVPRQORQGRQ±H[SHULHQFHVRIILUPVLQ/RQGRQ¶V
EXVLQHVVFRPPXQLW\/RQGRQ/RQGRQ&KDPEHURI&RPPHUFHDQG,QGXVWU\
>@0DUJHVVRQ5	7DIW0RUDOHV0+DLWLHDUWKTXDNH&ULVLVDQGUHVSRQVH
>@0DU]D9,2QWKHGHDWKWROORIWKHL]PLWWXUNH\PDMRUHDUWKTXDNH(6&*HQHUDO$VVHPEO\3DSHUV(XURSHDQ6HLVPRORJLFDO
&RPPLVVLRQ3RWVGDP
>@0F$OOLVWHU7	*HQH&RUOH\::RUOGWUDGHFHQWHUEXLOGLQJSHUIRUPDQFHVWXG\'DWDFROOHFWLRQSUHOLPLQDU\REVHUYDWLRQVDQG
UHFRPPHQGDWLRQV1R)(0$)HGHUDO(PHUJHQF\0DQDJHPHQW$JHQF\)HGHUDO,QVXUDQFHDQG0LWLJDWLRQ$GPLQLVWUDWLRQ
>@0HQGRQoD'/HH,,((	:DOODFH:$,PSDFWRIWKHZRUOGWUDGHFHQWHUDWWDFNRQFULWLFDOLQWHUGHSHQGHQW
LQIUDVWUXFWXUHV3DSHUSUHVHQWHGDWWKH,(((,QWHUQDWLRQDO&RQIHUHQFHRQ6\VWHPV0DQDQG&\EHUQHWLFV60&
>@0RQHFNH.)LQJHU:.ODUHU'.RQJNR:0F$GRR%*0RRUH$/	6XGUDMDW68$\HDUVHGLPHQWUHFRUGRI
WVXQDPLUHFXUUHQFHLQQRUWKHUQVXPDWUD1DWXUHGRLQDWXUH
>@0RRUH'$	.HOORJJ'$,QIUDVWUXFWXUHLPSDFWVDQGIDFLOLW\VLWLQJLVVXHVGXULQJKXUULFDQHV3URFHVV6DIHW\3URJUHVV

>@0RWHII-	3DUIRPDN3&ULWLFDOLQIUDVWUXFWXUHDQGNH\DVVHWV'HILQLWLRQDQGLGHQWLILFDWLRQ3DSHUSUHVHQWHGDWWKH
>@1DWLRQDO2FHDQLFDQG$WPRVSKHULF$GPLQLVWUDWLRQ12$$WKIHDWXUHVWRU\7VXQDPLGDWDEDVH7VXQDPLWUDYHOWLPHPDSIRUWKH
LQGLDQRFHDQWVXQDPL5HWULHYHG$XJXVW5HWULHYHGIURP
KWWSFHOHEUDWLQJ\HDUVQRDDJRYPDJD]LQHWVXQDPLBGDWDEDVHWUDYHOWLPHPDSKWPO
>@12$$*UHDWWRKRNXMDSDQHDUWKTXDNHDQGWVXQDPLPDUFK5HWULHYHG6HSWHPEHU5HWULHYHG
IURPKWWSZZZQJGFQRDDJRYKD]DUGKRQVKXBPDUVKWPO
>@2VWHUDDV-'0XUUDKEXLOGLQJERPELQJUHYLVLWHG$TXDOLWDWLYHDVVHVVPHQWRIEODVWGDPDJHDQGFROODSVHSDWWHUQV-RXUQDORI
3HUIRUPDQFHRI&RQVWUXFWHG)DFLOLWLHVGRL$6&(
>@3DULV5:DVVPHU36DUWRKDGL-/DYLJQH)%DUWKRPHXI%'HVJDJHV(*RPH]&7VXQDPLVDVJHRPRUSKLFFULVHV
/HVVRQVIURPWKHGHFHPEHUWVXQDPLLQOKRNQJDZHVWEDQGDDFHKVXPDWUDLQGRQHVLD*HRPRUSKRORJ\
GRLMJHRPRUSK
>@3LQDU$+RQNXUD<	.XJH.6HLVPLFDFWLYLW\WULJJHUHGE\WKHL]PLWHDUWKTXDNHDQGLWVLPSOLFDWLRQVIRUWKHDVVHVVPHQW
RIIXWXUHVHLVPLFULVN*HRSK\VLFDO-RXUQDO,QWHUQDWLRQDO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